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METHOD OF STABILIZING THE IDLING 
RUN OF AN INTERNAL-COMBUSTION 

ENGINE 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the priority of German Applica 
tion No. 198 25 729.5 ?led Jun. 9, 1998, Which is incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

In piston-type internal-combustion engines Which operate 
With conventionally controlled cylinder valves and in Which 
the load control is effected by a butter?y valve, controlling 
the air quantities for adjusting the idling run may be effected 
by the butter?y valve. A different method for (stabilizing) 
the idling run must be found, hoWever, for piston-type 
internal-combustion engines having a throttle-less load 
control, particularly internal-combustion engines Which 
have fully variably controllable cylinder valves, such as 
cylinder valves Which are operated by electromagnetic 
drives. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to provide a 
method for stabiliZing the idling run in throttle-less internal 
combustion engines. 

This object and others to become apparent as the speci 
?cation progresses, are accomplished by the invention, 
according to Which, brie?y stated, the method of stabiliZing 
the idling run of an internal-combustion engine includes the 
folloWing steps during the idling run: determining the open 
ing moment of the intake valves as a function of the angular 
position of the crankshaft and determining the closing 
moment of the intake valves by the engine control as a 
function of time. 

In fully variably controllable cylinder valves such as 
cylinder valves operated by electromagnetic valve drives, 
very loW idling rpm’s (even less than 500) may be set. It is 
of importance, hoWever, that in case of an rpm drop, a rapid 
reaction of the engine control occurs for preventing a 
stalling of the engine. The method according to the invention 
as outlined above provides for a particularly rapidly reacting 
idling control in case the engine control provides for a 
“delayed intake-closing” operation. In such a mode of 
operation, in case of an rpm drop, an automatic shift of the 
closing moment toWards an earlier crankshaft angle occurs, 
so that a larger quantity of air and thus a larger mixture 
charge is introduced into the cylinder. It is an advantage of 
such an idling stabiliZation that a latest possible reaction to 
the rpm drop takes place. 

According to an advantageous feature of the invention, if 
the engine rpm falls beloW a predetermined minimum rpm 
in an “early intake-closing” operational mode, the engine 
control lengthens the open period of the gas intake valves. 
In case of such a control too, a rapid reaction may take place 
upon recognition of an rpm drop. Such a lengthening of the 
open period may be effected either by a shift of the closing 
moment or, according to another feature of the invention, by 
opening the gas intake valve for a second time during the 
suction stroke. 

According to a variant, in case the engine-rpm drops 
beloW a predetermined minimum rpm, instead of or in 
addition to a change of the valve closing moment, the timing 
of fuel injection is altered for enriching the mixture, to thus 
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2 
adjust the fuel quantity to be supplied. This may be effected 
either by lengthening the fuel injection period, that is, more 
fuel is supplied, or the moment of fuel injection is shifted 
such that it occurs subsequent to the closing of the intake 
valve. In this manner an “automatic” enriching is achieved 
Which additionally assists in compensating for the rpm drop. 
In the last-discussed method, hoWever, the fuel quantity for 
the subsequent Work cycle of the respective cylinder has to 
be again increased in order to compensate for the fuel 
component delivered during the preceding Work cycle. Such 
a result may be achieved, for example, by providing for an 
earlier injection. In either case it is avoided that the intro 
duced air renders the mixture leaner. 

In case the engine control is set to an “earlier intake 
closing” operation, upon recogniZing an rpm drop, the 
engine control may sWitch over to the “late intake-closing” 
mode, so that the earlier-described “automatic” idling run 
stabiliZation is obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating a “late intake-closing” 
operational mode, shoWing the timing of the valve opening, 
related to the crankshaft angle, in case of a constant idling 
rpm. 

FIG. 2 illustrates the mode of operation according to FIG. 
1, shoWing the timing of the valve opening, related to the 
crankshaft angle, in case of an rpm drop. 

FIG. 3 is a diagram illustrating an “early intake-closing” 
operational mode, shoWing the timing of the valve opening, 
related to the crankshaft angle, in case of a constant idling 
rpm. 

FIG. 4 illustrates the mode of operation according to FIG. 
3, shoWing the timing of the valve opening, related to the 
crankshaft angle, in case of an rpm drop. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates the stroke of an intake valve as a 
function of time; for the sake of illustration the relationships 
are shoWn in approximation. The axis extending beloW the 
time axis illustrates the momentary crankshaft angle. The 
opening motion of the intake valve is initiated by the engine 
control as a function of the crankshaft angle, for example, 
When the piston in the respective cylinder reaches its upper 
dead center. That moment is designated at 0 on the time axis 
Which has a scale in milliseconds. In case the intake valve 
is operated by an electromagnetic actuator, at a loW rpm of 
600, a relatively steep rise of the valve stroke x is obtained. 
Consequently, the fully open cross section of the intake port 
is reached approximately after 3 ms. 

While conventionally the engine control continues to 
determine the closing moment of the valve as a function of 
the crankshaft angle, according to the method of the inven 
tion the engine control is sWitched over to a time-dependent 
valve closing. The valve closing process is initiated approxi 
mately 40 ms after the valve opening process is started. 

Comparing the valve stroke curve With the crankshaft 
angle axis divided in crankshaft degrees, it is seen that in 
case of a constant rpm, equidistant sectors for the crankshaft 
angle are obtained in relation to the time axis. Thus, as the 
piston moves doWnWard, a suction phase from the upper 
dead center (UD) to the loWer dead center (LD) is obtained 
Which corresponds to a time period of approximately 25 ms 
folloWing the opening of the intake valve. Since, indepen 
dently from the crankshaft position the intake valve is 
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maintained open beyond the lower dead center, the piston, 
during its upward motion, drives the excessively draWn 
mixture back into the intake port, for example, until about 
60° of crankshaft angle after reaching the loWer dead center. 

If during the idling run an rpm drop occurs then, as shoWn 
in FIG. 2, While the open period of the intake valve remains 
the same, a lengthening of the crankshaft angle sectors 
traveled by the crankshaft during the open period of the 
intake valve occurs. In such a situation, for example, during 
the ?rst 30° of the crankshaft angle folloWing the upper dead 
center the rpm remains at 600. Due to the subsequent rpm 
drop, the adjoining crankshaft angle sectors expand relative 
to the time axis. Combustion mixture, hoWever, continues to 
be draWn until the piston reaches its loWer dead center; 
thereafter the mixture is driven back into the intake port. 
Because of the reduced rpm, the loWer dead center is 
reached later, for example, only after approximately 28 ms. 
Since, hoWever, the engine control as in FIG. 1—maintains 
the intake valve open, upon closing of the intake valve, a 
crankshaft angle position of only approximately 35° is 
reached after the loWer dead center, so that the piston, 
although it has passed the loWer dead center, can drive only 
a small quantity of mixture into the intake port in the 
remaining open period of the intake valve. As a result, there 
is obtained, compared to a control Which is dependent from 
the crankshaft angle, a signi?cantly larger quantity of fresh 
mixture Which remains in the combustion chamber, so that 
after the closing of the intake valve in the consecutive Work 
stroke, despite the rpm drop, suf?cient poWer is applied to 
the crankshaft so that the latter is again accelerated and thus 
the rpm drop may be equalized. 

In case of a “late intake-closing” determined by the 
engine control, it may be expedient not to sWitch over 
immediately to a time control folloWing the opening of the 
intake valve as a function of the crankshaft angle but to 
effect such an event at a later moment, that is, for a later 
crankshaft angle. 

FIG. 3 shoWs in a similar manner the conditions for a 
“early intake-closing” operational mode. The stroke curve 
shoWs the course of the valve stroke of the intake valve in 
case of a constant idling rpm. The intake valve is opened, for 
example, When the piston has reached the upper dead center 
and is closed a short time later, for example, at 45° of 
crankshaft position after the upper dead center. 

When an rpm drop occurs, then, in case of a crankshaft 
angle dependent control the open period of the intake valve 
is lengthened by At. Since, hoWever, the valve closes in the 
same position of the piston, no increase of the ?ll extent 
(charge) and thus no poWer increase occur. For this reason 
the open period for the intake valve has to be lengthened 
over a large crankshaft angle sector and the intake valve has 
to be closed at a later moment, so that more air may be 
admitted in the combustion chamber. 

Since the fuel quantity has been metered by the injection 
system With respect to the originally intended air quantity, 
by means of the extension of the open period a leaner 
mixture Would result Which is contrary to the desired 
increase of the torque. For this reason it is expedient to shift 
the injection phase in such a manner that the injection of the 
fuel occurs during the closing of the intake valve. In this 
manner, any shift of the closing moment in the “late” 
direction automatically effects an injection of a more than 
proportionally higher fuel quantity. Such an enrichment may 
additionally serve to increase the torque applied to the 
crankshaft. In this manner sometimes the cause for the rpm 
drop is counteracted as Well. In cold engine conditions the 
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4 
cause may be found precisely in a poorly combustible 
mixture. Instead of a shift of the injection phase or a change 
in the opening period of the intake valve, it is feasible, based 
on a detected rpm drop, to inject additional fuel to thus 
counteract the rpm drop by enriching the mixture. 

Instead of an extension of the open period of the intake 
valve, the control in case of fully variably controllable 
cylinder valves may be effected such that after the program 
Wise intended “early” closing of the intake valve, the latter 
is opened brie?y once more during the suction stroke in 
order to draW additional air and/or a fresh mixture into the 
cylinder. 
The above-described method may be utiliZed in piston 

type internal-combustion engines With one or With several 
intake valves in Which case either both intake valves are 
synchronously controlled in accordance With a predeter 
mined process or one of the intake valves remains fully 
closed and only the other intake valve operates. 
The method according to the invention is utiliZed prefer 

ably in piston-type internal-combustion engines operating 
With electromagnetically actuated cylinder valves. The 
invention, hoWever, may also ?nd application in other types 
of fully variable cylinder valve operations, for example, 
Where the valves are hydraulically actuated. 

It Will be understood that the above description of the 
present invention is susceptible to various modi?cations, 
changes and adaptations, and the same are intended to be 
comprehended Within the meaning and range of equivalents 
of the appended claims. 
What is claimed is: 
1. A method of stabiliZing the idling run of an internal 

combustion engine having a crankshaft, a plurality of cyl 
inders each provided With intake and exhaust valves, a 
piston received for reciprocation in each cylinder and an 
engine control for variably controlling the intake and 
exhaust valves, comprising the folloWing steps during the 
idling run: 

(a) opening the intake valves at a moment determined as 
a function of the angular position of the crankshaft and 

(b) closing the intake valves by the engine control at a 
moment determined as a function of time, Whereby if 
an actual rpm exceeds a predetermined desired rpm, 
one part of a charge is returned from the cylinders into 
respective intake ports and if the actual rpm falls beloW 
the predetermined desired rpm, an increase of the 
charge in the cylinders is effected, Without varying the 
open period betWeen opening and closing moments as 
de?ned in steps (a) and 

2. The method as de?ned in claim 1, further comprising 
the step of shifting the closing of the intake valves to a 
moment after the respective piston has passed a loWer dead 
center folloWing a suction stroke. 

3. The method as de?ned in claim 1, further comprising 
the steps of controlling the intake valves in an early intake 
closing operational mode and lengthening an open period of 
the intake valves by the engine control When the idling 
engine-rpm falls beloW a predetermined magnitude. 

4. The method as de?ned in claim 3, further comprising, 
during the open state of the intake valves, the steps of 
detecting the engine-rpm and changing the timing of fuel 
injection for enriching the combustion charge When the 
engine-rpm falls beloW a predetermined magnitude. 

5. The method as de?ned in claim 3, Wherein the length 
ening step comprises the step of a repeated opening of the 
intake valve during the suction strokes. 

* * * * * 


